The microbial biodiversity and dynamics of king scallops meat and coral during cold storage (cold chain rupture: 1/3 storage time at 4 °C followed by 2/3 at 8 °C), was assessed by combining culturedependant and -independent methods. Products were packaged as follows: aerobic, vacuum packed and 3 different CO 2 /N 2 modified atmospheres and the impact of these conditions on the microbial communities was assessed. Results indicated that under air (current packaging condition), the dominant species corresponded to Brochothrix thermosphacta, Pseudomonas spp. and Shewanella spp. These species have regularly been associated in the literature with food (especially seafood), and product spoilage. Moellerella wisconsensis was the only species detected on VRBG medium, however, its impact on the food product is unclear. Packaging conditions influenced the ecosystem equilibrium and biodiversity. Except for day 8, the lowest counts for all studied flora were observed for modified atmosphere packaging (MAP) containing >80% CO 2 . Moreover, in these conditions, higher biodiversity by Temporal Temperature Gradient Gel Electrophoresis (TTGE) and the non-detection of specific flora (i.e. Pseudoalteromonas haloplanktis) were observed. At day 8, scallops packaged using these conditions were still acceptable from a sensorial point of view (odour), although the initial load of the king scallop was high (total psychrotrophic flora reached 5.5 log CFU/g).
Introduction

46
The king scallop Pecten maximus is a valuable bivalve mollusc as it is a highly 47 appreciated food product, especially in France ("coquilles Saint-Jacques"). France produces 48 around 25 000 tons of king scallops per year (FAO, 2006) , a significant portion originate from 49 the Normandy region. A large quantity of scallops is also imported to France and mainly 50 originates from Scotland and North America (Pecten maximus and Placopecten magellanicus, 51 respectively). In the context of new food consumption habits, in particular, ready-to-eat foods, 52 a larger proportion of this bivalve mollusc production is sold shelled. King scallop meat is 53 sold either frozen or fresh. As for other seafood products, shelf-life during cold storage is 54 limited; thus, the study of alternative packaging or storage conditions is important.
55
Like other seafood products, scallop quality during packaging and storage is 56 associated with biochemical and sensorial changes that are mainly affected by storage 57 temperature (Ehira and Uchiyama, 1987; Kawashima and Yamanaka, 1992) and the 58 development of microbial flora that can lead to spoilage (Ocaño-Higuera et al., 2006) . Several 59 methods have been used to evaluate the freshness of fish and shellfish. These methods are 60 based on measuring chemical, physical and microbiological changes (Luong et al., 1991; 61 Ohashi, 1991; Olafsdottir et al., 1997) . The main indices used in relation to fish spoilage 62 (Botta, 1995; Hebbard et al., 1982) correspond to trimethylamine nitrogen (TMA) and total 63 volatile basic nitrogen (TVBN), as well as sensory changes; however, there is very limited 64 data based on the changes observed during mollusc's spoilage and especially king scallops.
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4 life stages of scallops that may have an impact on the survival of bivalve larvae (Lane et al., 71 1985; Nicolas et al., 1996; Sandaa et al., 2003; Torkildesen et al., 2005) .
72
Studies based on the impact of packaging conditions on bivalve mollusc spoilage 73 during cold storage are rare. Ruiz-Capillas et al. (2001) compared the biochemical and 74 sensory changes of frozen king scallops that were thawed and stored at 4° C in melting ice to 75 samples wrapped in aluminium foil and cling film. Only few differences were observed 76 between aluminium foil and cling film while the levels TMA and TVBN were low due to the 77 leaching effect of the ice meltwater. Kimura et al. (2000) showed that storage at 5°C of documented. Thomson et al. (1974) indicated that the spoilage flora of the queen scallop 85 (Chlamys opercularis) was similar to spoilage flora found in fish. While Llanos et al. (2002) 86 showed that in the Peruvian scallop (Argopecten purpuratus), the initial flora was associated 87 with culture conditions, farming localization and the feed used. Moreover, this flora would 88 have a direct impact on spoilage. Bremner and Statham (1983) showed that Vibrio spp. were 89 the dominant flora and persisted in vacuum packed Pecten alba scallops.
90
This study aimed at evaluating the microbial diversity of Bionumerics software and sequence similarity was determined using BLAST (Altschul et al. 182 1990) in the GenBank database. analyses (Figure 1 ).
Results
267
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274
The results obtained on Long & Hammer medium indicated that total psychrotrophic 275 flora counts were high during the entire storage period and under all packaging conditions.
276
Counts ranged from 5.5 log CFU/g at day D1 and almost reached 8 log CFU/g at day D8.
277
Noteworthy, a difference of about 1 log was observed at day D4 between aerobic and vacuum 278 packed conditions (~ 7 logs CFU/g) versus the 3 different CO 2 rich modified atmosphere 279 conditions (~ 6 logs CFU/g) ( Figure 1A ).
280
For VRBG medium targeting enterobacteria ( Figure 1B ), counts were the lowest with 281 1 log CFU/g at day D1 and a maximum of about 4.5 log CFU/g at day D8 under aerobic 282 conditions. While the largest differences were observed at day D6, with vacuum packaging 283 allowing for faster growth and 80% CO 2 allowing for the slowest growth, at day D8 the 284 maximum counts observed were relatively close to each other (ranging from 3.9 to 4.5 log 285 CFU/g).
286
Concerning STAA medium numerations, results indicated that the packaging 287 conditions had a limited but statistically significant effect. Indeed, although growth curves 288 were parallel, they showed, at day D8, that aerobic packaging conditions allowed for the 289 highest growth (6.9 log CFU/g) followed by vacuum packed samples and 50% CO 2 /50% N 2 290 modified atmosphere conditions (~ 6.5 log CFU/g). Packaging conditions with more than 291 80% CO 2 presented the lowest counts ( 6 log CFU/g) ( Figure 1C ).
292
For lactic acid bacteria numerated on MRS medium ( Figure 1D ), growth curves were 293 parallel except for 50% CO 2 /50% N 2 that reached a plateau at day 6 (~ 7.0 log CFU/g). At day
D8, the highest growth was observed for air packaged scallops while slowest growth rates 295 were observed for modified atmosphere conditions with over 80% CO 2 (~ 6.0 log CFU/g).
296
Concerning CFC medium targeting pseudomonads, the obtained results showed the 297 highest differences ( Figure 1E ). While packaging under aerobic conditions allowed for the 298 growth of Pseudomonas spp. up to 6.5 log CFU/g ; the other packaging conditions had an 299 impact on this flora with almost no growth observed for vacuum packed samples or in the 300 presence of CO 2 .
301
Finally, H 2 S-producing bacteria were numerated on IA medium and appeared with a 302 black halo. At day D8, significant differences were found as highest counts (~ 6.2 log CFU/g) 303 were observed for the air packaged scallops while lowest counts corresponded to all the other 304 conditions (< 5.0 log CFU/g)( Figure 1F ). However, at day D6, modified atmosphere 305 conditions with 100 % CO2 showed the lowest counts.
306
Overall, highest microbial flora counts were observed for air and in some cases 307 vacuum packed and 50% CO 2 / 50% N 2 packaged scallops during conservation; these results
308
were in agreement with the highest levels of TVBN and TMA detected under these packaging 309 conditions (Table 2) . Moreover, sensory evaluation data also showed that air packaged, (Table 3) .
358
Regarding the impact of packaging conditions on bacterial genus distribution (all 359 storage days considered), the analysis indicated that the dominant genera Pseudomonas,
360
Brochothrix, Shewanella and to a lesser extent Staphylcoccus spp. were present in every 361 packaging condition although some differences in the respective ratios were observed (Table   362 3). Mainly, bacteria growing on CFC and IA (in particular, Pseudomonas and Shewanella study by the Pseudoalteromonas haloplanktis species, was not found in "80% CO 2 /20% N 2 " 370 and "100% CO 2 " MAP conditions. This result suggested that this species is sensitive to high 371 CO 2 concentrations rather than to anaerobic conditions as it was detected in the "vacuum 372 packed" and "50% CO 2 /50% N 2 " packaging conditions. 373 374
Culture-independent community dynamics
375
In parallel, the TTGE molecular method was used in order to contribute to the study of 376 the biodiversity as well as the dynamics of the king scallop meat ecosystem during storage.
377
The obtained TTGE profiles indicated that the repeats were highly similar (data not shown); 378 therefore, only one representative TTGE profile was selected for further analysis. The 379 corresponding 17 selected profiles were analyzed and compared using the Bionumerics 380 software which generated a proximity dendrogram (Figure 3 ).
381
After day D6, the bacterial flora seemed to be stable in each packaging condition and 382 patterns at day D6 and day D8 were similar. These patterns have been clustered according to 
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For the products packaged in the presence of CO 2 , the profiles evolved between days 393 D1, D4 and D6. From day D6, the ecosystems seemed to be stabilized. Moreover, on these 394 products, a larger number of bands could reflect a higher diversity of the king scallop 395 microbiota in these samples, however, some species may present multiple bands. industrial studies tend to suggest that TVBN content is lower in CO 2 rich environments for 410 some seafood products although it can evolve with microbial development.
411
The first observation was that for every flora considered (except Enterobacteriaceae), 412 the initial counts were relatively high. Indeed, at day D1, depending on the considered 413 medium the counts ranged from 3.04 log CFU/g for H 2 S-producing bacteria to 5.5 log CFU/g 414 for the total psychrotrophic flora while enterobacteria were at the detection limit with 1 log seafood products (Fonnesbech Vogel et al., 2005; Hovda et al., 2007; Laursen et al., 2006) .
444
Pseudomonas was also the predominant genus along with Moraxella and Vibrio in the scallop 445 Argopecten purpuratus cultured in Chile (Riquelme et al., 1995) . The species Moellerella
446
wisconsensis also seemed to be well associated with the king scallop ecosystem as it was the 447 only species identified on VRBG. This species, first described from human stools (Hickman-448 Brenner et al., 1984) , has been rarely isolated from food products and its natural reservoir is 449 still unclear (Stock et al., 2003) . Interestingly, Matyar (2007) and Shewanella spp. in fish and to extend shelf life (Stammen et al., 1990) . For scallops, the 465 use of CO 2 was shown to extend scallop shelf life (Bremner and Statham, 1987) . More Vibrio logei 99.9% AY292932 
